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$VVD\VZHUHSHUIRUPHGDVGHVFULEHGE\6HPRYet al. >@U63SURWHLQQ0
*OXSODVPLQRJHQ0LOOLSRUHDQGμ0FKURPR]\PH3/5RFKHZHUHSUHLQFXEDWHG
IRUPLQDWURRPWHPSHUDWXUHLQDUHDFWLRQEXIIHUFRQVLVWLQJRIP07ULV+&OS+
DQGP01D&OZLWKRUZLWKRXW&D&O7KHUHDFWLRQZDVLQLWLDWHGE\WKH
DGGLWLRQRIWLVVXH3ODVPLQRJHQ$FWLYDWRUW3$0LOOLSRUHRUXURNLQDVHW\SH
3ODVPLQRJHQ$FWLYDWRUX3$0LOOLSRUHDVLQGLFDWHGLQWKHILJXUHOHJHQGVDQG
DFWLYDWLRQRISODVPLQRJHQZDVPHDVXUHGE\DQLQFUHDVHLQRSWLFDOGHQVLW\DWQPIRU
KDWPLQLQWHUYDOV

)RUPHDVXUHPHQWRIWKHDFWLYDWLRQRISODVPLQRJHQDFWLYDWRUVE\FXOWXUHGFHOOV
FHOOVZHUHVHHGHGLQHDFKZHOORID&RUQLQJIODWERWWRPHGZHOOSODWHDQGDOORZHGWR
DWWDFKIRUK$WWDFKHGFHOOVZHUHZDVKHGWZLFHLQ3%6DQGLQFXEDWHGLQQ0
*OXSODVPLQRJHQDQGμ0FKURPR]\PH3/5RFKHLQ3%63ODVPLQRJHQ
DFWLYDWLRQZDVLQLWLDWHGE\WKHDGGLWLRQRIW3$LQDILQDOYROXPHRIμ/IRUK7KH
DFWLYDWLRQRISODVPLQRJHQE\W3$ZDVPHDVXUHGE\WKHLQFUHDVHLQRSWLFDOGHQVLW\DW
QPRIVDPSOHVZLWKGUDZQDWPLQLQWHUYDOV

,QWHUDFWLRQEHWZHHQ63SODVPLQRJHQDQGSODVPLQRJHQDFWLYDWRUV
6XUIDFHSODVPRQUHVRQDQFH635H[SHULPHQWVZHUHFRQGXFWHGLQD%LDFRUH;
LQVWUXPHQW*(+HDOWKFDUH3URWHLQVZHUHLPPRELOLVHGRQ&0FKLSVXVLQJDPLQH
FRXSOLQJFKHPLVWU\DVGHVFULEHGSUHYLRXVO\>@([SHULPHQWVZHUHFDUULHGRXWXVLQJD
UXQQLQJEXIIHUFRQVLVWLQJRIP0+(3(6S+P01D&ODGGHG&D&ODV
VSHFLILHGLQWKH5HVXOWVVHFWLRQDQGPJP/FDUER[\PHWK\OGH[WUDQ6LJPDDWDIORZ
UDWHRI/PLQDW&%LQGLQJNLQHWLFVZHUHVWXGLHGXVLQJPXOWLF\FOHNLQHWLF
DQDO\VLVZLWKVXUIDFHVUHJHQHUDWHGXVLQJP0(*7$EHWZHHQF\FOHV:KHQXVHG
DPLQRFDSURLFDFLG$&$DQG(*7$ZHUHDGGHGWRWKHDQDO\WHVDPSOHVRQO\QRWWR
WKHUXQQLQJEXIIHU%LQGLQJFRQVWDQWVZHUHFDOFXODWHGXVLQJ%LD(YDOXDWLRQVRIWZDUH
*(+HDOWKFDUH$VVRFLDWLRQDQGGLVVRFLDWLRQRI63ZLWKW3$RFFXUUHGYHU\UDSLGO\
DQGWKXVKGYDOXHVIRUW3$LQWHUDFWLRQVZHUHGHWHUPLQHGDWHTXLOLEULXP*OX
SODVPLQRJHQELQGLQJFRQVWDQWVZHUHDVVHVVHGXVLQJVWDQGDUGNLQHWLFDQDO\VLVDV
GHVFULEHGSUHYLRXVO\>@

 
  
6WDWLVWLFDODQDO\VHV
6WDWV'LUHFWVRIWZDUHYHUVLRQZDVXVHGIRUVWDWLVWLFDODQDO\VHV)RUVLQJOH
FRPSDULVRQV6WXGHQW¶VWWHVWZDVXVHGIRUPXOWLSOHFRPSDULVRQV$QDO\VLVRI9DULDQFH
ZLWK%RQIHUURQLSRVWKRFWHVWZDVXVHG


5HVXOWV

3ODVPLQRJHQDFWLYDWRUDFWLYDWLRQE\63in vitro
6$DQG6$KDYHEHHQUHSRUWHGWRDFWLYDWHSODVPLQRJHQDFWLYDWRUVE\YLUWXH
RIWKHLUCWHUPLQDOO\VLQHUHVLGXHV>@6LQFH63DOVRSRVVHVVHVDCWHUPLQDO
O\VLQHZHWHVWHGZKHWKHUU63FRXOGUHJXODWHW3$FDWDO\VHGSODVPLQRJHQDFWLYDWLRQ
XVLQJDPXOWLZHOODVVD\7KHSURGXFWLRQRIDFWLYHSODVPLQIURP*OXSODVPLQRJHQZDV
PRQLWRUHGRYHUWLPHE\WKHDSSHDUDQFHRIDFRORXUHGSURGXFWIURPDSODVPLQVSHFLILF
VXEVWUDWHDVGHVFULEHGLQ0DWHULDOVDQG0HWKRGVXVLQJDEXIIHUFRQWDLQLQJP0
FDOFLXPLRQV,QWKHDEVHQFHRIW3$QRSODVPLQDFWLYLW\ZDVGHWHFWHGHLWKHUZLWKRXW
)LJXUHSDQHOV$%RU&RUZLWKQRWVKRZQμ0U637KHDGGLWLRQRIH[FHVV
W3$OHGWRWKHJHQHUDWLRQRISODVPLQDFWLYLW\IURP*OXSODVPLQRJHQDIWHUDVKRUWODJ
SHULRG)LJXUH,QFUHDVLQJFRQFHQWUDWLRQRIU63LQWKHSUHVHQFHRIW3$UHVXOWHGLQ
UHGXFWLRQLQWKHODJSHULRGDQGLQFUHDVLQJUDWHVRISODVPLQRJHQDFWLYDWLRQIRUXSWRDW
OHDVWμ0U63)LJXUH$0XWDQWU63SURWHLQVΔ.()LJXUH%RU.$
)LJXUH&ZHUHDOVRWHVWHGLQWKHPXOWLZHOOSODVPLQRJHQDFWLYDWLRQDVVD\7RDLG
FRPSDULVRQEHWZHHQWKHYDULRXVUHFRPELQDQWSURWHLQVWKHRSWLFDOGHQVLW\UHDGLQJVZHUH
UHSORWWHGDJDLQVWWLPHDQGWKHUHVXOWLQJOLQHDUJUDGLHQWVRYHUWKHILUVWPLQRI
LQFXEDWLRQZHUHGHWHUPLQHG5HPRYDORUUHSODFHPHQWRIWKHCWHUPLQDOO\VLQH
PDUNHGO\UHGXFHGWKHDELOLW\RIU63WRDFWLYDWHW3$)LJXUH'GHPRQVWUDWLQJWKDW
63DQGLWVCWHUPLQDOO\VLQHDUHUHTXLUHGIRUDFWLYDWLRQRIW3$

(IIHFWRIFDOFLXPLRQVRQSODVPLQRJHQDFWLYDWLRQ
$OWKRXJK63ELQGVFDOFLXP>@DQGKDVEHHQUHSRUWHGWRELQGPDJQHVLXPDQG]LQF
LRQV>@63LVXQOLNHO\WRELQG]LQFRUPDJQHVLXPLRQVDWWKHLUIUHHLQWUDFHOOXODURU
H[WUDFHOOXODUFRQFHQWUDWLRQV>@7KXVWKHGHSHQGHQFHRQRQO\FDOFLXPFRQFHQWUDWLRQ
RIW3$DFWLYDWLRQE\63ZDVGHWHUPLQHG)LJXUH$7KHUHZHUHVWDWLVWLFDOO\
VLJQLILFDQWGLIIHUHQFHVEHWZHHQFDOFLXPFRQFHQWUDWLRQVDVGHWHUPLQHGE\RQHZD\
$129$) 3 :KLOVWSODVPLQRJHQZDVDFWLYDWHGLQWKHSUHVHQFHRI
μ0U63DQGH[FHVVW3$WKHUDWHRIDFWLYDWLRQZDVVLJQLILFDQWO\LQFUHDVHGE\WKH
SUHVHQFHRIμ0&D&, WR3 %RQIHUURQL
FRUUHFWLRQEXWWKHUHZDVQRIXUWKHUVLJQLILFDQWLQFUHDVHDWKLJKHUFDOFLXPLRQ
FRQFHQWUDWLRQVXSWRP0)LJXUH$&, WR3!
%RQIHUURQLFRUUHFWLRQ,QWKHDEVHQFHRIU63DQGLQWKHSUHVHQFHRIH[FHVVP0
FDOFLXPLRQVWKHUDWHRISODVPLQRJHQDFWLYDWLRQZDVQRWVLJQLILFDQWO\GLIIHUHQWIURPWKDW
ZLWKQRFDOFLXP&, WR3 %RQIHUURQLFRUUHFWLRQ
VXJJHVWLQJWKDWWKHLQFUHDVHLQSODVPLQRJHQDFWLYDWRUDFWLYLW\LQWKHSUHVHQFHRIFDOFLXP
LRQVZDVGXHWRDQHIIHFWRQWKHU63SURWHLQE\FDOFLXPLRQV,QFRQWUDVWμ0ERYLQH
VHUXPDOEXPLQ%6$LQWKHSUHVHQFHRIFDOFLXPLRQVGLGQRWVLJQLILFDQWO\FKDQJHWKH
LQLWLDOUDWHRISODVPLQRJHQDFWLYDWLRQE\W3$)LJXUH%&, WR
3 %RQIHUURQLFRUUHFWLRQXQGHUFRQGLWLRQVZKHQWKHUHZDVDVLJQLILFDQW
DFWLYDWLRQE\ μ0U63&, WR3 %RQIHUURQL
FRUUHFWLRQVKRZLQJWKDWWKHDFWLYDWLRQREVHUYHGZLWKU63LVQRWDJHQHUDOSURSHUW\RI
O\VLQHFRQWDLQLQJSURWHLQV)LJXUH%6L]H([FOXVLRQ&KURPDWRJUDSK\0XOWL$QJOH/LJKW
 
  
6FDWWHULQJH[SHULPHQWVLQGLFDWHGWKDW!RIZLOGW\SHDQGPXWDQW63SURWHLQVZHUH
LQWKHGLPHULFIRUPDWFDOFLXPFRQFHQWUDWLRQVRIERWKDQGμ06XSSOHPHQWDU\
LQIRUPDWLRQ

(IIHFWRIFRQFHQWUDWLRQRIU63DQGLWVPXWDQWVRQW3$GHSHQGHQWDFWLYDWLRQRI
SODVPLQRJHQ
,QFUHDVLQJFRQFHQWUDWLRQVRIU63XSWRQ0LQWKHSUHVHQFHRIP0FDOFLXPLRQV
UHVXOWHGLQDVLJQLILFDQWO\LQFUHDVHGLQLWLDOUDWHRIW3$GHSHQGHQWSODVPLQRJHQDFWLYDWLRQin 
vitro RQHZD\$129$) 3 %DVHGRQWKHLQLWLDOJUDGLHQWVRISORWV
RIRSWLFDOGHQVLW\YVWLPHWKLVHIIHFWVWDUWHGWRSODWHDXDWFRQFHQWUDWLRQVRIU63DERYH
Q0)LJXUH&6LJQLILFDQWGHWHFWDEOHHQKDQFHPHQWRIWKHLQLWLDOUDWHRISODVPLQRJHQ
DFWLYDWLRQE\H[FHVVW3$RFFXUUHGEHWZHHQDQGQ0QJP/U63
Q0&,WR3 Q0&, WR
3 %RQIHUURQLFRUUHFWLRQ)LJXUH&

7KHUHZHUHVLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHDELOLW\RIZLOGW\SHDQGPXWDQW63
SURWHLQVWRDFWLYDWHSODVPLQRJHQDFWLYDWRUVRQHZD\$129$) 3
,QLWLDOUDWHVRISODVPLQRJHQDFWLYDWLRQZLWKμ0.$PXWDQWRUΔ.PXWDQW
U63ZHUHVLJQLILFDQWO\ORZHUWKDQZLWKZLOGW\SHU63&,.$PXWDQW
WRDQGΔ.PXWDQWWRERWK3
%RQIHUURQLFRUUHFWLRQ)LJXUH'EXWERWKVWLOOH[KLELWHGUHVLGXDODFWLYDWLRQRIW3$WKDW
ZDVVLJQLILFDQWO\KLJKHUWKDQWKHQR63FRQWURO&,WR3 
DQG&,WR3 UHVSHFWLYHO\%RQIHUURQL
FRUUHFWLRQZKHUHDVLQWKHVDPHH[SHULPHQWμ0%6$ZDVQRWVLJQLILFDQWO\GLIIHUHQW
IURPWKHQRSURWHLQFRQWURO&,WR3 %RQIHUURQL
FRUUHFWLRQ)LJXUH'7KHUHVXOWVVKRZWKDWWKHCWHUPLQDOO\VLQHLVODUJHO\UHTXLUHGIRU
WKHDELOLW\RI63WRHQKDQFHWKHDFWLYLW\RIW3$7KLVHQKDQFHPHQWPLJKWEHGXHWR
LQWHUDFWLRQRIWKHCWHUPLQDOO\VLQHVZLWKO\VLQHELQGLQJ.ULQJOHGRPDLQVRIW3$DQGRU
SODVPLQRJHQ

,QWHUDFWLRQEHWZHHQ63SODVPLQRJHQDQGSODVPLQRJHQDFWLYDWRUVin vitro 
7KHELQGLQJRI63WRKXPDQSODVPLQRJHQDQGW3$ZDVPHDVXUHGXVLQJ635DV
GHVFULEHGLQ0DWHULDOVDQG0HWKRGV:LOGW\SHU63ERXQGWRLPPRELOLVHGKXPDQ
*OXSODVPLQRJHQ)LJXUH$ZLWKDKGRI06XSSOHPHQWDU\LQIRUPDWLRQD
YDOXHWKDWVKRZVDJUHDWHUDIILQLW\EHWZHHQ*OXSODVPLQRJHQDQG63WKDQEHWZHHQ
*OXSODVPLQRJHQDQGIUHHO\VLQHUHVLGXHV μ0>@:LOGW\SHU63ERXQGWR
W3$ZLWKDKGRI0)LJXUH%DQG6XSSOHPHQWDU\LQIRUPDWLRQ,QWKHSUHVHQFH
RIWKHO\VLQHDQDORJXH$&$ELQGLQJRIZLOGW\SHU63WRHLWKHU*OXSODVPLQRJHQ
)LJXUH$RUWRW3$)LJXUH%ZDVPDUNHGO\UHGXFHGGLVSOD\LQJKGYDOXHVRI
μ0DQGμ0UHVSHFWLYHO\FRQILUPLQJWKHLQYROYHPHQWRIO\VLQHUHVLGXHVLQWKH
LQWHUDFWLRQRI63ZLWKERWKSODVPLQRJHQDQGW3$

&DOFLXPFKHODWLRQZLWK(*7$UHVXOWHGLQRQO\DQDSSUR[LPDWHO\GHFUHDVHLQ
ELQGLQJRIZLOGW\SHU63WR*OXSODVPLQRJHQ)LJXUH$EXWFRPSOHWHO\DEROLVKHG
ELQGLQJWRW3$)LJXUH%VXJJHVWLQJWKDWDFWLYDWLRQRI63E\FDOFLXPLVHVVHQWLDO
IRULQWHUDFWLRQZLWKW3$EXWQRWIRULQWHUDFWLRQZLWK*OXSODVPLQRJHQ,QFRQWUDVWWKH
ORVVRIWKH&WHUPLQDOO\VLQHYLUWXDOO\DEROLVKHGWKHLQWHUDFWLRQRI63ZLWK*OX
SODVPLQRJHQ)LJXUH$EXWRQO\SDUWLDOO\UHGXFHGWKHH[WHQWRILQWHUDFWLRQRI63
ZLWKW3$)LJXUH%

 
  
$OWKRXJKμ0ZLOGW\SHU63HQKDQFHGW3$GHSHQGHQWSODVPLQRJHQDFWLYDWLRQLQ
WKHPXOWLZHOODVVD\WKHVDPHFRQFHQWUDWLRQRI63KDGQRHIIHFWRQXURNLQDVHX3$
GHSHQGHQWSODVPLQRJHQDFWLYDWLRQLQWKHPXOWLZHOOSODVPLQRJHQDFWLYDWLRQDVVD\VLQWKH
UDQJH]HURWRQ0X3$:KLOVWWKHLQLWLDOUDWHRISODVPLQRJHQDFWLYDWLRQLQFUHDVHG
ZLWKLQFUHDVLQJX3$WKHUHZDVQRVLJQLILFDQWFKDQJHLQDFWLYLW\E\μ0ZLOGW\SH
U63DWX3$FRQFHQWUDWLRQVRIDQGQ03 DQG
UHVSHFWLYHO\ZLWK63MXVWVLJQLILFDQWO\UHGXFLQJDFWLYLW\DWDQGQ0ERWK3 
6WXGHQW¶VWWHVW)LJXUH&,Q635H[SHULPHQWVZLOGW\SHU63ERXQGYHU\
SRRUO\WRX3$)LJ&DQGWKHERXQGSURWHLQGLVVRFLDWHGRQO\VORZO\IURPWKHX3$
VXUIDFHLQWKHWLPHIUDPHRIWKHH[SHULPHQW7KLVSRRUX3$U63LQWHUDFWLRQOLNHO\
DFFRXQWVIRUWKHODFNRIU63HQKDQFHGDFWLYDWLRQRISODVPLQRJHQE\X3$ZKLOVWWKH
YHU\VORZGLVVRFLDWLRQRIU63IURPX3$PLJKWDFFRXQWIRUWKHUHGXFWLRQRIX3$
LQGXFHGSODVPLQRJHQDFWLYDWLRQLQWKHSUHVHQFHRIU63DVWKHEXLOGXSRIµLQDFWLYH¶
U63X3$FRPSOH[HVFRXOGLQKLELWIXUWKHULQWHUDFWLRQZLWKSODVPLQRJHQ7KXV
U63GRHVQRWDFWLYDWHX3$EXWDFWVVSHFLILFDOO\RQW3$

&HOOVH[SUHVVLQJQRQPXWDQW63H[KLELWHQKDQFHGW3$GHSHQGHQWSODVPLQRJHQ
DFWLYDWLRQ
)ROORZLQJWKHGHPRQVWUDWLRQRISODVPLQRJHQDFWLYDWLRQE\63SURWHLQ in vitro
H[SHULPHQWVZHUHFRQGXFWHGWRILQGRXWZKHWKHUFHOOVH[SUHVVLQJ63H[KLELWHG
HQKDQFHGSODVPLQRJHQDFWLYDWLRQFRPSDUHGWRQRQH[SUHVVLQJFHOOV3ODVPLQRJHQ
DFWLYDWLRQDVVD\VZHUHFDUULHGRXWXVLQJFHOOVJURZLQJLQFXOWXUHZHOOVDVGHVFULEHGLQ
0DWHULDOVDQG0HWKRGV3%6ZDVIRXQGWREHDVDWLVIDFWRU\UHSODFHPHQWIRUWKH7ULV
EXIIHUV\VWHPXVHGLQWKHSODVPLQRJHQDFWLYDWLRQDVVD\Vin vitro6XSSOHPHQWDU\
LQIRUPDWLRQ

,QRUGHUWRFRPSDUHWKHUHVXOWVRIPXOWLSOHH[SHULPHQWVWKHLQLWLDOUDWHVRIFRORXU
GHYHORSPHQWIRUWKHYDULRXVFHOOOLQHVLQHDFKH[SHULPHQWZHUHH[SUHVVHGDVDIUDFWLRQ
RIWKHUHVXOWZLWKFHOOVH[SUHVVLQJZLOGW\SH63)LJXUHVKRZVWKHUHVXOWVRIVL[
VHSDUDWHH[SHULPHQWV,QHDFKFDVHFHOOVQRWH[SUHVVLQJ63RUFHOOVH[SUHVVLQJWKH
Δ.RU.$PXWDQW63SURWHLQVH[KLELWHGUHGXFHGDELOLW\WRDFWLYDWH*OX
SODVPLQRJHQLQWKHSUHVHQFHRIDGGHGW3$FRPSDUHGWRFHOOVH[SUHVVLQJZLOGW\SH
63)LJXUHV$UHVXOWVVXPPDULVHGLQ)LJXUH%$VIXUWKHUFRQILUPDWLRQRIWKH
OLQNEHWZHHQWKHSURGXFWLRQRI63DQGWKHHQKDQFHPHQWRIW3$FDWDO\VHG
SODVPLQRJHQDFWLYDWLRQLQFXOWXUHGFHOOVDQH[LVWLQJ63LQGXFLEOHV\VWHPZDV
HPSOR\HG>@,QGXFWLRQRI63ZLWKGR[\F\FOLQHIRUK>@LQFUHDVHGWKHDELOLW\
RIWKHFHOOVWRDFWLYDWHSODVPLQRJHQLQWKHSUHVHQFHRIW3$E\3 
6WXGHQW¶VWWHVW)LJXUH&

'HWHFWLRQRI63RQWKHRXWVLGHRI63H[SUHVVLQJFHOOV
,QRUGHUWRXQGHUVWDQGWKHDELOLW\RI63H[SUHVVLQJFHOOVWRDFWLYDWHH[WUDFHOOXODUO\
DGGHGW3$DTXDQWLWDWLYHHQ]\PHOLQNHGLPPXQRVRUEHQWDVVD\(/,6$ZDVXVHGWRGHWHFW
63GLUHFWO\RQWKHVXUIDFHRIOLYLQJFHOOVE\DGGLQJDQ63SRO\FORQDODQWLERG\
GLUHFWO\WRWKHFHOOFXOWXUHPHGLXPRUDIWHUIL[DWLRQRUSHUPHDELOLVDWLRQRQHZD\$129$
) 3 63DQWLERG\ELQGLQJZDVGHWHFWHGDWDVLJQLILFDQW
&,WR3 %RQIHUURQLFRUUHFWLRQIROGJUHDWHUOHYHOLQOLYLQJ
XQIL[HGFHOOVH[SUHVVLQJ63WKDQIURPWKHFHOOOLQHWUDQVIHFWHGZLWKHPSW\H[SUHVVLRQ
YHFWRU)LJXUH$DQWLERG\LQPHGLXP$VLJQLILFDQWO\KLJKHUOHYHORI63ZDV
GHWHFWHGDOVRZKHQWKHFHOOVZHUHIL[HGZLWKIRUPDOGHK\GH&,WR3
 %RQIHUURQLFRUUHFWLRQZKLFKZDVQRWVLJQLILFDQWO\GLIIHUHQWIURPWKHOHYHOIRXQG
ZKHQDQWLERG\ZDVDGGHGGLUHFWO\WRWKHPHGLXP&,WR3 
 
  
%RQIHUURQLFRUUHFWLRQ8SRQSHUPHDELOLVDWLRQDVLJQLILFDQWO\KLJKHURSWLFDOGHQVLW\ZDV
HYLGHQWZLWK63H[SUHVVLQJFHOOVFRPSDUHGWRDQWLERG\DGGHGWRWKHPHGLXP&,
WR3 %RQIHUURQLFRUUHFWLRQSRVVLEO\GXHWRVRPHRIWKHLQWUDFHOOXODU
63EHFRPLQJDYDLODEOHWRWKHDQWLERG\,QRUGHUWRFKHFNWKDWWKHDQWLERG\DGGHGWRWKH
PHGLXPZDVQRWUHDFWLQJZLWKLQWUDFHOOXODU63DVDUHVXOWRIFHOOOHDNLQHVVDQDQWLERG\
WRWKHVROXEOHLQWUDFHOOXODUSURWHLQH()$>@ZDVWHVWHGH()$) 3 
,QWKH(/,6$DVVD\WKHUHZDVYLUWXDOO\QRGHWHFWDEOHELQGLQJRIWKHH()$
DQWLERG\ZKHQLWZDVDGGHGWRWKHPHGLXPLQHLWKHU63H[SUHVVLQJRUFRQWUROFHOOV
)LJXUH%+RZHYHUDIWHUSHUPHDELOLVDWLRQWKHUHZDVDVLJQLILFDQWIROGLQFUHDVHLQ
GHWHFWDEOHH()$DQWLERG\ELQGLQJLQERWK63QHJDWLYHFRQWUROFHOOV&,WR
3DQGLQ63H[SUHVVLQJFHOOV&, WR3
)LJXUH%VXJJHVWLQJWKDWXQGHUWKHFRQGLWLRQVRIWKH(/,6$DVVD\WKHXQIL[HGFHOOVDUH
LQWDFWDQGQRWOHDNLQJLQWUDFHOOXODUSURWHLQVWKXVSDUWRIWKHGHWHFWHG63LVGLVSOD\HGWR
WKHRXWVLGHRIWKHFHOOV

&HOOLQYDVLRQE\FHOOVH[SUHVVLQJ63RULWVPXWDQWV
&HOOVH[SUHVVLQJZLOGW\SH63H[KLELWHGDVLJQLILFDQWIROG)LJXUH$&,
WR3 %RQIHUURQLFRUUHFWLRQRUIROG)LJXUH%&,
WR3 %RQIHUURQLFRUUHFWLRQLQFUHDVHLQLQYDVLRQWKURXJK0DWULJHOLQ
LQGHSHQGHQWWUDQVZHOOLQYDVLRQDVVD\VZKHQFRPSDUHGWR63QHJDWLYHYHFWRU
WUDQVIHFWHGFRQWUROFHOOV6XFKDQLQFUHDVHZDVHYLGHQWLQERWKDFORQHDQGDSRRORI
63H[SUHVVLQJWUDQVIHFWHGFHOOVZKHQFRPSDUHGWRYHFWRUWUDQVIHFWHGRUSDUHQWDO
XQWUDQVIHFWHG5DPDFHOOV6XSSOHPHQWDU\LQIRUPDWLRQ

,QFRQWUDVWFHOOVH[SUHVVLQJWKH.$RUΔ.CWHUPLQDOPXWDQWVRI63SURWHLQ
H[KLELWHGOHYHOVRILQYDVLRQWKDWZHUHKLJKO\VLJQLILFDQWO\ORZHUWKDQZLWKZLOGW\SH63
.$PXWDQW)LJXUH$&,WR3)LJXUH%&,WR
3Δ.PXWDQW)LJXUH$&,WR3)LJXUH
%&, WR3DQGQRWVLJQLILFDQWO\GLIIHUHQWRU
VLJQLILFDQWO\OHVVWKDQ63QHJDWLYHYHFWRUWUDQVIHFWHGFRQWUROFHOOVLQWZRLQGHSHQGHQW
H[SHULPHQWV.$PXWDQW)LJXUH$&,WR3 )LJXUH%
&, WR3 DQGΔ.PXWDQW )LJXUH 6Α, &, WR3 
)LJXUH%&, ͲWR3 7KXVDOWHULQJRUGHOHWLQJWKH&WHUPLQDO
O\VLQHRI63ZKLFKZHKDYHVKRZQWREHLPSRUWDQWIRULQWHUDFWLQJZLWKW3$DQG
SODVPLQRJHQUHGXFHVLWVDELOLW\WRHQKDQFHLQYDVLRQRIWKH5DPDFHOOV
 
7KHHIIHFWRIDPLQRFDSURLFDFLGRQ63GHSHQGHQWFHOOLQYDVLRQ
7RFRQILUPWKHSRVVLEOHUROHRI63O\VLQHUHVLGXHVLQWKHREVHUYHGFKDQJHVLQFHOO
LQYDVLRQP0DPLQRFDSURLFDFLGKDGQRVLJQLILFDQWHIIHFWRQ63QHJDWLYHYHFWRU
FRQWUROFHOOV&, WR3 EXWVLJQLILFDQWO\UHGXFHGE\WKH
QXPEHURI63SRVLWLYHFHOOVLQYDGLQJWKURXJK0DWULJHO)LJXUH$&, WR
3+RZHYHUWKHLQYDVLRQZDVVWLOOVLJQLILFDQWO\KLJKHUWKDQIRU63
QHJDWLYHFRQWUROFHOOV&, WR3,QYDVLRQZDVDOVRVWLOO
VLJQLILFDQWO\KLJKHUWKDQZLWKFHOOVH[SUHVVLQJWKHCWHUPLQDOPXWDQWVRI63.$
&, WR3Δ.&, WR37KLV
UHVXOWLQGLFDWHVWKDWO\VLQHUHVLGXHVFRQWULEXWHVLJQLILFDQWO\WR63LQGXFHGLQYDVLRQEXW
WKDWWKHGUDPDWLFUHGXFWLRQVLQLQYDVLRQVHHQZLWKWKHCWHUPLQDOO\VLQHPXWDQWSURWHLQVLV
QRWHQWLUHO\GXHWRWKHDEVHQFHRIWKHCWHUPLQDOO\VLQH

 
  
7KHHIIHFWRI63DQWLERG\DGGHGWRWKHFXOWXUHPHGLXPRQ63GHSHQGHQW
LQYDVLRQ

,QLQYDVLRQDVVD\VDGGLWLRQRIWKH63DQWLERG\WRWKHPHGLXPVXUURXQGLQJZLOGW\SH
63H[SUHVVLQJFHOOV)LJXUH%UHGXFHGWKHLULQYDVLRQE\DKLJKO\VLJQLILFDQW
IURPWKDWRIXQWUHDWHGFHOOV&,WR3 ZKHUHDVQRQLPPXQH
JRDWVHUXPDGGHGWRWKH63H[SUHVVLQJFHOOVKDGQRVLJQLILFDQWHIIHFW)LJXUH&
&,WR3 &HOOVH[SUHVVLQJ.$RUΔ.PXWDQW63
SURWHLQVRUH[SUHVVLQJQR63VKRZHGQRVLJQLILFDQWUHGXFWLRQLQLQYDVLRQXSRQ
WUHDWPHQWZLWKWKHDQWLERG\)LJXUH%.$&,WR3 Δ.
&,WR3 YHFWRUFRQWURO&,WR3 $VLWLV
XQOLNHO\WKDWWKH63DQWLERG\FDQSDVVLQWRWKHFHOOVWKHVHUHVXOWVVXJJHVWWKDWWKH
VWLPXODWRU\HIIHFWRI63RQLQYDVLRQGHSHQGVXSRQZLOGW\SH63EHLQJDFFHVVLEOH
IURPRXWVLGHWKHFHOODQGWKLVLVQRWHYLGHQWZLWKFHOOVH[SUHVVLQJ63SURWHLQODFNLQJ
WKHCWHUPLQDOO\VLQH63QHJDWLYHFHOOVQRUZLWKQRQLPPXQHVHUXP

7KHHIIHFWRISURWHDVHLQKLELWRUVRQWKHUDWHRI63GHSHQGHQWLQYDVLRQ
,QRUGHUWRILQGRXWZKHWKHUWKHJHQHUDWLRQRISODVPLQZDVDVVRFLDWHGZLWKWKHO\VLQH
DVVRFLDWHGLQYDVLYHEHKDYLRXURIWKHFHOOVWKHHIIHFWVRISURWHDVHLQKLELWRUVRQFHOOLQYDVLRQ
ZHUHWHVWHG$SURWLQLQDQLQKLELWRURIVHULQHSURWHDVHVSODVPLQWU\SVLQFK\PRWU\SVLQ
NDOOLNUHLQDQGDFWLYDWHGSURWHLQ&>@DQGαDQWLSODVPLQZKLFKWDUJHWVSUHGRPLQDQWO\
QHXWURSKLOHODVWDVHDQGSODVPLQ>@ZHUHXVHG

7KHUHZHUHVLJQLILFDQWUHGXFWLRQVLQLQYDVLYHDFWLYLW\RI)LJXUH$&,
WR3DQG)LJXUH%&,WR3ZKHQ
63H[SUHVVLQJFHOOVZHUHWUHDWHGZLWKμJP/DSURWLQLQRUμJP/α
DQWLSODVPLQUHVSHFWLYHO\7KHUHZDVQRVLJQLILFDQWUHGXFWLRQLQWKHLQYDVLRQRIFRQWURO
63QHJDWLYHFHOOVE\HLWKHUDSURWLQLQ)LJXUH$&,ͲWR͕3 RU
αDQWLSODVPLQ)LJXUH%&,WR3 :KHUHDVα
DQWLSODVPLQGLGQRWVLJQLILFDQWO\UHGXFHWKHLQYDVLYHSRWHQWLDORIFHOOVH[SUHVVLQJWKH
PXWDQW63SURWHLQV)LJXUH%.$&,WR3 Δ.
&,WR3 DSURWLQLQUHGXFHGWKHLQYDVLYHSRWHQWLDORIFHOOVH[SUHVVLQJ
WKH.$PXWDQWSURWHLQ)LJXUH$.$&,WR3EXWQRW
VLJQLILFDQWO\IRUWKHΔ.PXWDQW&,WR3 7KHVHUHVXOWV
GHPRQVWUDWHWKDWWKHVWLPXODWRU\HIIHFWRI63RQLQYDVLRQLQYROYHVWKH
SODVPLQSODVPLQRJHQSDWKZD\VDVWKHVHVSHFLILFSURWHDVHLQKLELWRUVVLJQLILFDQWO\
GLVUXSWHGFHOOLQYDVLRQ


'LVFXVVLRQ

,WKDVEHHQVKRZQKHUHIRUWKHILUVWWLPHWKDWVROXEOHU63SURWHLQFDQDFWLYDWHW3$in
vitro. 7KHIROGDFWLYDWLRQRYHUWKDWZLWKW3$DORQHLVFRPSDUDEOHZLWKWKDWRIa
IROGIRU6$>@EXWOHVVWKDQWKHIROGDFWLYDWLRQUHSRUWHGIRU6$>@
'HOHWLQJWKHCWHUPLQDOO\VLQHRI63Δ.H[SRVLQJDCWHUPLQDOOHXFLQHRU
FKDQJLQJLWWRDODQLQH.$ZLWKQRFKDQJHLQWKHGLPHULFVWDWHRIWKHU63
UHGXFHGWKHUDWHVRIDFWLYDWLRQRIW3$WRRQO\DQGUHVSHFWLYHO\RIWKHQRQ
PXWDQW63SURWHLQVLPLODUWRWKHRIDFWLYLW\UHPDLQLQJXSRQGHOHWLRQRIWKHWZR
CWHUPLQDOO\VLQHVRI6$>@UHIOHFWLQJWKHLQYROYHPHQWRIQRQCWHUPLQDO
O\VLQHVLGHFKDLQV>@
 
  

'LUHFWLQWHUDFWLRQin vitroEHWZHHQQRQPXWDQW63DQG*OXSODVPLQRJHQRUW3$
LQGLYLGXDOO\KDVEHHQGHPRQVWUDWHGZLWKKGYDOXHVμ0DQGμ0
UHVSHFWLYHO\VLPLODUWRWKRVHIRU6$ELQGLQJWR*OXSODVPLQRJHQ0
FDOFXODWHGLQWKHSUHVHQWH[SHULPHQWVQRWVKRZQDQG0UHSRUWHGSUHYLRXVO\
>@DQGWRW3$RI0>@+RZHYHUIRU63WKHUHZHUHGLIIHUHQFHVEHWZHHQ
WKHLQWHUDFWLRQVRI63ZLWK*OXSODVPLQRJHQDQGW3$:KHUHDVWKHLQWHUDFWLRQRI
63ZLWKW3$UHTXLUHGWKHSUHVHQFHRIFDOFLXPLRQV63VWLOOERXQGWR*OX
SODVPLQRJHQLQWKHDEVHQFHRIFDOFLXP,QFRQWUDVWWKHCWHUPLQDOO\VLQHPXWDQWVRI
63GLGQRWELQGWR*OXSODVPLQRJHQEXWGLGELQGWRW3$DUHVXOWZKLFKFRQWUDVWV
ZLWKWKDWREWDLQHGZLWK6$>@7KXVWKHREVHUYHGGHSHQGHQFHRIU63
PHGLDWHGSODVPLQRJHQDFWLYDWLRQRQERWKWKHSUHVHQFHRIFDOFLXPLRQVDQGWKHSUHVHQFH
RIWKHCWHUPLQDOO\VLQHUHVLGXHLVH[SODLQHGE\WKHIRUPHUUHTXLUHPHQWIRUELQGLQJRI
63WRW3$DQGWKHODWWHUUHTXLUHPHQWIRUELQGLQJWR*OXSODVPLQRJHQ

,QWKHSUHVHQWPXOWLZHOOH[SHULPHQWVVLJQLILFDQWDFWLYDWLRQRISODVPLQRJHQDFWLYDWRU
ZDVGHWHFWDEOHZLWKRQO\±Q0U63μJP/63KDVEHHQUHSRUWHGWR
EHSUHVHQWLQWKHH[WUDFHOOXODUHQYLURQPHQW>@EXWDWSUHVHQWO\XQNQRZQ
FRQFHQWUDWLRQ+RZHYHUWKHREVHUYDWLRQWKDWFHOOVFRQVWLWXWLYHO\H[SUHVVLQJHLWKHURI
WKHPXWDQWVH[KLELWHGUHGXFHGSODVPLQRJHQDFWLYDWLRQUDWHVFRPSDUHGWRWKRVH
H[SUHVVLQJQRQPXWDQWU63SURWHLQDQGLQDVHSDUDWHFHOOV\VWHPLQGXFLEOH
XSUHJXODWLRQRI63HQKDQFHGSODVPLQRJHQDFWLYDWLRQVKRZVIRUWKHILUVWWLPHWKDW
FHOOSURGXFHG63FDQPRGXODWHSODVPLQRJHQDFWLYDWLRQ

7KHPDLQILQGLQJVLQWKLVSDSHUDUHWKDWIRUWKHILUVWWLPHWKHDFWLYDWLRQRIW3$E\DQ
6SURWHLQLQDWXPRXUVHWWLQJLVOLQNHGWRFHOOLQYDVLRQ(OHYDWHGOHYHOVRIW3$KDYH
EHHQDVVRFLDWHGZLWKWXPRXUDVVRFLDWHGFHOODFWLYLWLHVLQSDQFUHDWLFFDQFHUFHOOVEXW
WKHVHZHUHQRWOLQNHGVSHFLILFDOO\WRDQLQFUHDVHLQSODVPLQDFWLYLW\>@

,QWKHSUHVHQWH[SHULPHQWVSODVPLQDFWLYLW\DQGWKXVSODVPLQRJHQDFWLYDWLRQKDVEHHQ
GLUHFWO\DQGVSHFLILFDOO\OLQNHGWR63GLUHFWHGFHOOLQYDVLRQE\WKHXVHRILQKLELWRUV
RISODVPLQDFWLYLW\DSURWLQLQRUαDQWLSODVPLQ7KHVSHFLILFLW\RIαDQWLSODVPLQIRU
SODVPLQ>@KDVEHHQXVHGSUHYLRXVO\WRVKRZWKHLQYROYHPHQWRISODVPLQDQGW3$LQ
FKHPRWDFWLFPLJUDWLRQRIKXPDQ7FHOOV>@$SURWLQLQDQGαDQWLSODVPLQ
LQGLYLGXDOO\VLJQLILFDQWO\LQKLELWHG63SURPRWHGLQYDVLRQEXWWKHLQKLELWRUVKDGQR
HIIHFWRQLQYDVLRQE\63QHJDWLYHFHOOVDQGαDQWLSODVPLQKDGQRLQKLELWRU\HIIHFW
RQFHOOVH[SUHVVLQJWKH.$RUΔ.PXWDQW63SURWHLQV7KHVHUHVXOWVVKRZD
GLUHFWLQYROYHPHQWRISODVPLQDFWLYDWLRQLQ63GULYHQFHOOLQYDVLRQ(QKDQFHPHQWRI
FHOOLQYDVLRQE\SODVPLQSURWHRO\WLFDFWLYLW\LVZHOOHVWDEOLVKHGLQQRUPDOWLVVXH>@DQG
WXPRXUV>@

*LYHQWKHOLQNEHWZHHQSODVPLQDFWLYDWLRQDQGFHOOLQYDVLRQLQ63H[SUHVVLQJFHOOV
WKHDFWLYDWLRQRIW3$GHPRQVWUDWHGin vitro DQGLQFXOWXUHGFHOOVPLJKWFRQWULEXWHWRWKH
SUHYLRXVO\UHSRUWHGPHWDVWDVLVLQGXFLQJSURSHUWLHVRI63>@1HLWKHUWKH63
H[SUHVVLQJFHOOVQRUWKHFRQWUROFHOOVH[KLELWHGGHWHFWDEOHSODVPLQRJHQP51$E\3&5
6XSSOHPHQWDU\LQIRUPDWLRQKRZHYHUWKHDYHUDJHEORRGFRQFHQWUDWLRQRI
SODVPLQRJHQμ0>@LVPXFKJUHDWHUWKDQERWKWKH*OXSODVPLQRJHQ
FRQFHQWUDWLRQXVHGLQWKHin vitroDVVD\VQ0DQGWKHH[SHULPHQWDOO\GHWHUPLQHG
KGYDOXHVIRUWKH63*OXSODVPLQRJHQLQWHUDFWLRQμ0WKXVDWVXLWDEOH63
FRQFHQWUDWLRQVin vivo,63SODVPLQRJHQLQWHUDFWLRQFRXOGWDNHSODFHGXULQJWKH
 
  
PHWDVWDWLFSURFHVV+RZHYHULQFRQWUDVWWKHDYHUDJHEORRGFRQFHQWUDWLRQRIW3$RI
RQO\Q0>@LVPXFKORZHUWKDQERWKWKHFRQFHQWUDWLRQRIW3$XVHGLQWKHin
vitroPXOWLZHOODVVD\LQRUGHUWRGHWHFWVXLWDEO\ODUJHRSWLFDOGHQVLW\FKDQJHVDQGWKH
PHDVXUHGKGIRUWKHLQWHUDFWLRQEHWZHHQ63DQGW3$μ0+RZHYHUWKH5DPD
FHOOVGRSURGXFH3&5GHWHFWDEOHW3$P51$6XSSOHPHQWDU\LQIRUPDWLRQZKLFK
LIWUDQVODWHGLQWRDFWLYHW3$SURWHLQFRXOGORFDOO\UDLVHWKHW3$FRQFHQWUDWLRQLQWKH
VXUURXQGLQJPHGLXP

63KDVEHHQGHWHFWHGRQWKHFHOOVXUIDFHIURPRXWVLGHWKHFHOOXVLQJDQDQWLERG\
)LJXUHZKLFKDOVRUHGXFHGWKHFHOOLQYDVLRQ)LJXUH7KXVRQWKHFHOOVXUIDFH
63PLJKWEHFRPSOH[HGZLWKRWKHUFHOOFRPSRQHQWV6$DPDMRUW3$
DFWLYDWRUH[KLELWVDIROGLQFUHDVHLQW3$DFWLYDWLRQZKHQLWLVDVVRFLDWHGZLWKLWV
QDWXUDOFHOOVXUIDFHUHFHSWRUDQQH[LQ$,,>@7KHFHOOVXVHGLQWKHSUHVHQWH[SHULPHQWV
H[KLELWDEXQGDQWOHYHOVRIDQQH[LQ$,,P51$DQGSURWHLQE\3&5QRWVKRZQDQG
:HVWHUQEORW6XSSOHPHQWDU\LQIRUPDWLRQUHVSHFWLYHO\+RZHYHUVRIDULWKDVQRW
EHHQSRVVLEOHWRVKRZH[SHULPHQWDOO\ in vitroDSK\VLFDOLQWHUDFWLRQEHWZHHQ63
DQGFRPPHUFLDOO\DYDLODEOHUHFRPELQDQWDQQH[LQ$,,SURWHLQXQGHUFRQGLWLRQVLQZKLFK
6$KG [0DQG6$KG [0ELQGWR
LPPRELOLVHGDQQH[LQ$,,6RXUDY9DQG%DUUDFORXJK5XQSXEOLVKHGREVHUYDWLRQ,Q
RWKHUV\VWHPV63LQWHUDFWVFRORFDOLVHVLQVXUIDFHSURWUXVLRQVZLWKWKHF\WRVNHOHWDO
SURWHLQH]ULQ>@DQGLQWHUDFWVZLWKWKHDGDSWRUSURWHLQ,4*$3>@%RWKWKHVH
SURWHLQVORFDOLVHWRWKHFRUWLFDOF\WRVNHOHWRQLQFRQWDFWZLWKWKHFHOOPHPEUDQH>@
(OVHZKHUHH[WUDFHOOXODU63KDVEHHQUHSRUWHGWRLQWHUDFWZLWKWKH5$*(UHFHSWRU
>@%DVHGRQWKHDVVXPSWLRQWKDWELQGLQJRI63WRWKHVHSURWHLQVZRXOGDOORZ
FRQWDFWRIWKH63CWHUPLQDOO\VLQHZLWKW3$WKHVHYDULRXVSURWHLQVPLJKWSURYLGHD
PHDQVIRUGLVSOD\LQJ63RQWKHRXWVLGHRIWKHFHOODQGWKHUHE\HQKDQFHLWVDELOLW\WR
DFWLYDWHSODVPLQRJHQDFWLYDWRU


)LJXUHOHJHQGV

)LJXUH63HQKDQFHVWKHUDWHRISODVPLQRJHQDFWLYDWLRQE\WLVVXHSODVPLQRJHQ
DFWLYDWRULQDFHOOIUHHPXOWLZHOODVVD\
$DPXOWLZHOOFRORULPHWULFDVVD\IRUWKHJHQHUDWLRQRISODVPLQIURP*OXSODVPLQRJHQ
ZDVFDUULHGRXWDVGHVFULEHGLQ0DWHULDOVDQG0HWKRGVLQDEXIIHUFRQVLVWLQJRIP0
7ULV+&OS+P01D&ODQGP0&D&OHLWKHUZLWKRXWFXUYHRUZLWKW3$
DQGFXUYHFXUYHFXUYHFXUYHFXUYHRU
FXUYHμ0U63ZLOGW\SH%DV$EXWZLWKDU63PXWDQWSURWHLQΔ.LQ
ZKLFKWKH&WHUPLQDOO\VLQHKDGEHHQGHOHWHG&DV$EXWZLWKDU63PXWDQW
SURWHLQ.$LQZKLFKWKH&WHUPLQDOO\VLQHKDGEHHQUHSODFHGZLWKDODQLQH7KH
DFFXPXODWLRQRISODVPLQIURP*OXSODVPLQRJHQZDVPRQLWRUHGFRORULPHWULFDOO\DW
QPDWPLQLQWHUYDOVXSWRPLQ'LQLWLDOJUDGLHQWVRISORWVRIRSWLFDOGHQVLW\YV
WLPHPLQIRUZLOGW\SH GHOHWLRQPXWDQWΔΚ DQGVXEVWLWXWLRQPXWDQW
.$ 

)LJXUH63GHSHQGHQWDFWLYDWLRQRISODVPLQRJHQDFWLYDWRULQDPXOWLZHOODVVD\
3ODVPLQRJHQDFWLYDWLRQDVVD\VZHUHFDUULHGRXWLQWKHSUHVHQFHRIH[FHVVW3$DQGWKH
DFWLYDWLRQRISODVPLQRJHQZDVPRQLWRUHGE\WKHDSSHDUDQFHRIFRORXUDULVLQJIURPWKH
FOHDYDJHRIDSODVPLQVSHFLILFVXEVWUDWHDVGHVFULEHGLQ0DWHULDOVDQG0HWKRGV7KH
LQLWLDOJUDGLHQWVRIRSWLFDOGHQVLW\DJDLQVWWLPHPLQRYHUWKHILUVWPLQDUHSORWWHG
 
  
IRUHDFKH[SHULPHQWDOWUHDWPHQW(UURUEDUVDUHWKHPHDQVRIWZRGHWHUPLQDWLRQVFDUULHG
RXWDWWKHVDPHWLPH$%DQG&RUWKUHHLQGHSHQGHQWH[SHULPHQWV',Q$DVVD\V
ZHUHFDUULHGRXWZLWKμ0U63DQGWKHYDULRXVFRQFHQWUDWLRQVRIFDOFLXPFKORULGH
LQGLFDWHGLQ%LQWKHSUHVHQFHRIP0FDOFLXPFKORULGHZLWKQRDGGHGSURWHLQRU
ZLWKμ0U63RUZLWKμ0ERYLQHVHUXPDOEXPLQ,Q&DVVD\VZHUHFDUULHGRXW
LQWKHSUHVHQFHRIμ0 FDOFLXPFKORULGHDQGYDU\LQJFRQFHQWUDWLRQVRIU63
VKRZQLQWKHILJXUH3YDOXHV$129$ZLWK%RQIHUURQLFRUUHFWLRQDUHVKRZQIRUHDFK
FRQFHQWUDWLRQUHODWLYHWRWKH]HURU63FRQWURO,Q'DVVD\VZHUHFDUULHGRXWZLWK
μ0FDOFLXPFKORULGHDQGμ0RIZLOGW\SHU63.$PXWDQWΔ.PXWDQW
RU%6$

)LJXUH63ELQGLQJWRSODVPLQRJHQW3$DQGX3$
$DQG%OLJDQGVXUIDFHV*OXSODVPLQRJHQ$DQGW3$%ZHUHSUHSDUHGYLDDPLQH
FRXSOLQJUHDFWLRQVDVGHVFULEHGLQ0DWHULDOVDQG0HWKRGV:LOGW\SHEODFNOLQHVDQG
PXWDQW63SURWHLQV.$UHGOLQHVΔ.JUHHQOLQHVZHUHLQMHFWHGRYHUWKH
SUHSDUHGVXUIDFHVDQGELQGLQJLQWHUDFWLRQVGHWHUPLQHGE\FKDQJHVLQVXUIDFHSODVPRQ
UHVRQDQFH%RWKWKHUXQQLQJEXIIHUDQGDQDO\WHGLOXWLRQEXIIHUFRQWDLQHG0&D&O
:LOGW\SH63SURWHLQZDVDOVRWHVWHGZLWKP0(*7$RUDQJHOLQHVDQGP0
$&$YLROHWOLQHVZKLFKZHUHDGGHGWRWKHDQDO\WHVDPSOHVRQO\'XSOLFDWHDQDO\VHV
DUHVKRZQH[FHSWIRUZLOGW\SH63ZKLFKVHUYHGDVDSRVLWLYHFRQWURO&/DFNRI
HIIHFWRI63RQWKHDFWLYDWLRQRISODVPLQRJHQE\X3$LQDPXOWLZHOODVVD\
3ODVPLQRJHQDFWLYDWLRQDVVD\VZHUHFDUULHGRXWLQWKHSUHVHQFHRILQFUHDVLQJ
FRQFHQWUDWLRQVRIX3$DQGWKHDFWLYDWLRQRISODVPLQRJHQZDVPRQLWRUHGE\WKH
DSSHDUDQFHRIFRORXUDULVLQJIURPWKHFOHDYDJHRIDSODVPLQVSHFLILFVXEVWUDWHDV
GHVFULEHGLQ0DWHULDOVDQG0HWKRGV7KHLQLWLDOJUDGLHQWVRIRSWLFDOGHQVLW\DJDLQVWWLPH
PLQRYHUWKHILUVWPLQDUHSORWWHGIRUHDFKH[SHULPHQWDOWUHDWPHQWLQWKHDEVHQFH
EODFNEDUVRUSUHVHQFHZKLWHEDUVRIμ0U63(UURUEDUVDUHWKHPHDQVRI
GXSOLFDWHGHWHUPLQDWLRQVFDUULHGRXWDWWKHVDPHWLPH'X3$OLJDQGVXUIDFHVZHUH
SUHSDUHGYLDDPLQHFRXSOLQJUHDFWLRQVDVGHVFULEHGLQ0DWHULDOVDQG0HWKRGV
3ODVPLQRJHQEOXHOLQHZLOGW\SHU63EODFNOLQHVDQGPXWDQWU63SURWHLQV
.$UHGOLQHVRUΔ.JUHHQOLQHVZHUHLQMHFWHGRYHUWKHSUHSDUHGVXUIDFHVDQG
ELQGLQJLQWHUDFWLRQVGHWHUPLQHGDVIRUWKH*OXSODVPLQRJHQDQGW3$VXUIDFHV%RWKWKH
UXQQLQJEXIIHUDQGDQDO\WHGLOXWLRQEXIIHUFRQWDLQHG0&D&O

)LJXUH$FWLYDWLRQRISODVPLQRJHQE\63
$&63SRVLWLYHDQGSDUHQWDO63QHJDWLYHFHOOOLQHVZHUHFXOWXUHGLQQRUPDO
PHGLXPDQGWKHPHGLXPFKDQJHGWR3%6*OXSODVPLQRJHQW3$DQGFKURPRJHQLF
VXEVWUDWHZHUHDGGHGDVGHVFULEHGLQ0DWHULDOVDQG0HWKRGVDQGWKHFHOOVLQFXEDWHGDW
&$WPLQLQWHUYDOVVDPSOHVRIWKHPHGLXPZHUHWDNHQDQGWKHRSWLFDOGHQVLW\
RIWKHFRORXUHGSURGXFWRISODVPLQDFWLYLW\ZDVPHDVXUHG7KHLQLWLDOJUDGLHQWVRIFRORXU
GHYHORSPHQWZLWKWLPHZHUHQRUPDOLVHGWRWKHLQLWLDOJUDGLHQWVIRUZLOGW\SH63
FRQWDLQLQJFHOOVIRUHDFKRILQGHSHQGHQWH[SHULPHQWV$XVLQJFORQHGDQGSRROHGFHOO
OLQHVZLWKZLOGW\SH63EODFNFROXPQV63 Δ.PXWDQWZKLWHFROXPQV
63.$PXWDQWJUH\FROXPQV63QHJDWLYHHPSW\YHFWRUFRQWUROFHOO
OLQHVSRROVGRWWHGFROXPQVDQGSDUHQWDOXQWUDQVIHFWHG5DPDFHOOVVWULSHG
FROXPQV%VKRZVWKHPHDQDQGVWDQGDUGGHYLDWLRQVRIWKHSRROHGUHVXOWVIURP$
7KHNH\WRWKHSDWWHUQVRIWKHEDUVLVVKRZQIRUSDQHOV$DQG%,Q&DVLPLODU
H[SHULPHQWZDVFDUULHGRXWRQ5DPDFHOOVEHDULQJDGR[\F\FOLQHLQGXFLEOHSURPRWHU
EHIRUHDQGDIWHULQGXFWLRQRI63

 
  
)LJXUH(/,6$TXDQWLWDWLRQRI63DQGH()$DQWLERG\ELQGLQJWRWKH
VXUIDFHRI63QHJDWLYHDQG63SRVLWLYHOLYLQJFHOOV
$QWLERGLHVWR63$RUH()$%ZHUHDGGHGWRWKHPHGLXPVXUURXQGLQJFXOWXUHG
FHOOVDQGLQFXEDWHGIRUK$QWLERG\LQPHGLXPRUWKHFHOOVZHUHIL[HGZLWK
ZYSDUDIRUPDOGHK\GHLQ3%6SULRUWRDGGLQJDQWLERG\$QWLERG\DIWHUIL[DWLRQRU
WKHFHOOVZHUHVXEMHFWHGWRSHUPHDELOLVDWLRQZLWK7ULWRQ;DQGIL[DWLRQZLWK
ZYSDUDIRUPDOGHK\GHLQ3%6SULRUWRDGGLQJWKHDQWLERG\$QWLERG\DIWHU
SHUPHDELOLVDWLRQ7KHFHOOVZHUHVXEMHFWWRDQDQWLERG\GHWHFWLQJ(/,6$DQGWKH
RSWLFDOGHQVLW\RIWKHUHVXOWLQJFRORXUGHWHUPLQHGDVGHVFULEHGLQ0DWHULDOVDQG
0HWKRGV:KLWHEDUV63QHJDWLYHFHOOVEODFNEDUV63SRVLWLYHFHOOV(UURUEDUV
DUH6'RIWULSOLFDWHGHWHUPLQDWLRQVLQUHSUHVHQWDWLYHH[SHULPHQWV3YDOXHVDUH
GHULYHGIURPRQHZD\$129$ZLWK%RQIHUURQLFRUUHFWLRQ


)LJXUH7KHHIIHFWRIH[WUDFHOOXODUDGGLWLRQRIDPLQRFDSURLFDFLGDQ63
DQWLERG\DSURWLQLQRUαDQWLSODVPLQRQWKHUDWHRILQYDVLRQWKURXJK0DWULJHOE\
FHOOVH[SUHVVLQJZLOGW\SHDQGPXWDQW63SURWHLQV
&HOOLQYDVLRQDVVD\VZHUHFDUULHGRXWLQWUDQVZHOOFKDPEHUVFRDWHGZLWK0DWULJHODV
GHVFULEHGLQ0DWHULDOVDQG0HWKRGV7KHPHDQQXPEHUVRIFHOOVSDVVLQJWKURXJKWKH
0DWULJHODUHSORWWHGIRUFHOOVH[SUHVVLQJZLOGW\SH635DPD63.$
PXWDQWRI635DPD63.$Δ.PXWDQWRI635DPD
63 Δ.RUFHOOVQRWH[SUHVVLQJ635DPDYHFWRUFRQWURO5HVXOWVDUH
H[SUHVVHGDVDRIWKHLQYDVLRQRIWKHXQWUHDWHG5DPD63FHOOV$7KHHIIHFW
RQFHOOLQYDVLRQRIP0DPLQRFDSURLFDFLG$&$VWULSHGEDUV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Supplementary information 1.  Expression of S100P in transfected Rama 37 cells 
 
Immunoblot of S100P protein levels in cloned cell lines and pooled cells of transfected Rama 37 
cells expressing S100P wild type or mutants.   Extracts of cells were separated by SDS 
polyacrylamide gel electrophoresis and blotted onto polyvinylidene difluoride (PVDF) 
membrane.  The blot was incubated either with anti-human S100P antibody (Panel A) or with 
anti-actin antibody (Panel B) as a loading control.  Bound antibodies were detected by 
chemiluminescence with HRP-conjugated secondary antibody. Clones and pools of cells 
transfected with expression vector containing cDNAs encoding S100P proteins contain similar 
levels of S100P protein, whereas the parental untransfected cells and cells transfected with  
empty expression vector contain levels of S100P protein undetectable by immunoblotting. 
 
 
 
 
Supplementary information 2. Purification of recombinant S100P 
Wild type S100P protein was expressed in BL21 (DE3) E. coli cells (as described in 
Materials and Methods) and samples were collected at each stage of purification: following 
cell lysis and centrifugation (Supernatant), passing of lysate through a HisTrap column 
(Flowthrough), elution of bound protein from the HisTrap column (HisTrap elution), removal 
of His-tag using a thrombin-agarose column (Thrombin column elution fractions) and final 
clean-up using a Superdex® 75 gel filtration column (Gel filtration fractions). The samples 
were subjected to SDS polyacrylamide gel electrophoresis and the gel stained with 
Coomassie Brilliant blue stain to visualise the proteins. 
 
Supplementary information 3.   Size Exclusion Chromatography-Multi-Angle Light 
Scattering of wild type and mutant S100P recombinant proteins 
 
Recombinant wild type S100P or mutant proteins were subjected to Size Exclusion 
Chromatography-Multi-Angle Light Scattering as described in Material and Methods.  At both 
500 and 50 PM calcium, all three proteins contained 96%-97% dimeric form with only 3-4% of 
the protein in a higher, mainly tetrameric molecular mass form.  At 500 PM calcium, the mean 
molecular masses of the dimeric form for wild type, '95K and K95A mutant proteins were 19.9 ± 
SD 0.3, 19.5 ± SD 0.15 and 19.5 ± SD 0.2 kDa, respectively, values that were similar to the 
molecular masses obtained at 50 PM calcium of 20.0 ± SD 0.2, 19.2 ± SD 0.2 and 19.4 ± SD 0.1  
kDa. There was no evidence of monomeric S100P at either 50 or 500 PM calcium ion 
concentration. 
 
 
 
Protein 
(Calculated 
monomeric  
mass Da) 
Conc’n  
of Ca++ 
Dimeric mass (Da) 
(% total protein) 
 
Tetrameric  
mass (Da) 
(% total protein) 
 
Pentameric  
mass (Da) 
(% total protein) 
 
S100P Wild 
Type 
(10,400) 
50 PM 
 
500 PM 
19,597±181 (96.7%) 
 
19,930±266 (96.1%) 
41,800±936 (1.6%) 
 
41,849±2,291 (3.9%) 
50,481±1,286 (1.7%) 
 
- 
S100P Stop 
mutant 
(10,254) 
50 PM 
 
500 PM 
19,202±202 (96.2%) 
 
19,512±158 (96.5%) 
39,397±840 (3.8%) 
 
37,730±1,741 (3.5%) 
- 
 
- 
S100P A 
mutant 
(10,421) 
50 PM 
 
500 PM 
19,370±104 (96.3%) 
 
19,506±231 (97%) 
41,390±1,420 (3.7%) 
 
37,485±1,527 (3%) 
- 
 
- 
 
Supplementary information 4.  Binding of S100P to Glu-plasminogen and tPA 
Binding kinetics of wild-type recombinant (r)S100P with Glu-plasminogen and tPA surfaces. 
Both Glu-plasminogen (A) and tPA (B) surfaces were prepared using amide-coupling, as 
described in Materials and Methods. Wild-type rS100P was injected at the indicated protein 
concentrations over the surface in a buffer containing 100 μM CaCl2. Experiments were run 
in duplicate, and the mean response values for each protein concentration are shown. 
 
Supplementary information 5.  Assay for plasminogen activation in PBS buffer 
 
Multiwell tissue plasminogen activator (t-PA) activation assays were carried out as described in 
Materials and Methods in phosphate-buffered saline.  The rate of accumulation of coloured 
plasmin product was monitored over a 2-hour period for incubations containing 0-7 Pg 
recombinant human S100P. Plots of optical density against time squared gave straight-line 
graphs, which were used to compare the plasminogen activator stimulating activity of S100P 
proteins. A, B, Wild type S100P; C, D, '95K S100P; E, F, K95A S100P (ug = Pg). 
 
 
 
 
   
 
 
 
 
 
 
E 
C D 
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Supplementary information 6.  Invasion through Matrigel of cell clones and pools. 
 
Transwell invasion assays were carried out as described in Materials and Methods using 
25,000 cells in the upper chambers and a 1-5% gradient of foetal calf serum between the 
upper and lower chambers.  Control cells comprised parental untransfected Rama 37 cells 
(Rama 37) and cells transfected with empty vector (Rama 37 + vector).  Results are shown 
for a clone and pool of cells resulting from transfection with expression vector containing 
cDNA for: wild type S100P (Rama 37 + S100P wild type), '95K (Rama 37 + S100P '95K) 
and K95A mutants (Rama 37 + S100P K95A).  A final control of Rama 37 cells transfected 
with wild type S100P, but with 5% foetal calf serum in upper and lower chambers, was 
included (Rama 37 + S100P wild type equal serum).  The cloned cell lines were used in the 
experiments described in the main body of the paper. 
 
 
 
Supplementary information 7.  The levels of plasminogen and tPA mRNAs in Rama 37 
cells by polymerase chain reaction (PCR). 
 
Plasminogen mRNA. PCR reactions were carried out in the absence or presence of cDNA 
isolated from control, S100P-negative, Rama 37 cells transfected with empty expression vector, 
or Rama 37 cells transfected with expression vector containing S100P cDNA and expressing 
S100P protein (Supplementary information 1) or with rat liver cDNA as a positive control. The 
plasminogen mRNA-specific primers were forward 5’-AAACACCTCATAGGCACAAC-3’ and 
reverse 5’-CTTCAGGTTGCAGTATTCCC-3’ and the PCR reactions consisted of 35 cycles of  
30 s at  95°C, 30 s at  50°C and 90 s at 72°C.  The PCR mixture was subjected to agarose gel 
electrophoresis along with a 100 bp ladder.  No bands of amplification were detected in the 
cDNA from Rama 37-derived cells, either in the absence or presence of cDNA.  However, in the 
same experiment under the same conditions, an amplified band of the expected size of 452 bp 
was obtained from rat liver cDNA. 
 
 
 
 
tPA mRNA. PCR reactions were carried out in the absence or presence of cDNA isolated from 
control S100P-negative, Rama 37 cells transfected with empty expression vector or Rama 37 
cells transfected with expression vector containing S100P cDNA and expressing S100P protein 
(Supplementary information 1) or with rat kidney cDNA as a positive control. The tPA mRNA-
specific primers were forward 5’-TGGCACCCACAGCTTTACCACATCCAAGG-3’ and 
reverse 5’-CTCCTGAGTCACCTGGCACGCGTCATGG-3’ and the PCR reactions consisted of 
35 cycles of  30 s at  95°C, 30 s at  56°C and 90 sec at  72°C.  The PCR mixture was subjected to 
agarose gel electrophoresis using a 100 bp ladder.  Bands of amplification of the expected size of 
908 bp were detected in the cDNA from Rama 37 cells and rat kidney, but there were no bands 
in the absence of cDNA.   
 
 
 
Supplementary information 8.  Annexin AII in Rama 37 cells 
Extracts of cell lines and pools expressing S100P and control S100P negative cells were cultured 
and extracts prepared for SDS polyacrylamide gel electrophoresis, as described in Materials and 
methods.  The extracts were subjected to gel electrophoresis and Western blotting with 
antibodies directed against annexin AII (BD Biosciences) or non-muscle actin (Sigma).  Bands 
corresponding to annexin AII (36 kDa) and actin (43 kDa) are shown for a pool of cells 
expressing the 'K95 S100P mutant (Rama 37 + S100P 'K95 pool); control S100P-negative 
Rama 37 empty vector transfected cell clone (Rama 37 + vector control clone); a pool (Rama 37 
+ S100P pool) and a clone (Rama 37 + S100P clone) of cells expressing wild type S100P; a 
clone of Rama 37 cells expressing the K95A mutant of S100P (Rama 37 + S100P K95A clone).  
All cells expressed annexin AII protein. 
 
 
